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Background: Prevalence of Type 2 diabetes is increasing rapidly worldwide. Recent data is reprehensive of increasing diabetes prevalence 
from 285 millions in 2010 (6.4%) to 439 millions in 2030 in adults aged 20 to 79 in different countries. Lifestyle and particularly dietary 
habits play an important role in the development of diabetes. Additionally, specific individual food groups and diet components such 
as monounsaturated fatty acids, fruits, vegetables, whole grain cereals, dietary fiber, fish, magnesium and nuts may protect against the 
development of diabetes, possibly through the amelioration of insulin sensitivity and its anti-inflammatory actions, while consumption 
of red and processed meats and saturated fat may increase the risk of type 2 diabetes. 

Objectives: In this section, we studied dietary and other factors related to the effect of lifestyle in type 2 diabetes. These factors may affect 
the incidence of type 2 diabetes which could be corrected by lifestyle modifications. 

Results: Unfortunately, dietary habits in the developed and developing countries are changing towards an unhealthier direction. 
Consequently, emphasis should be given on encouraging at population and individual levels for adopting a healthier lifestyle, including 
dietary habits, to prevent the development of type 2 diabetes. Here we reviewed epidemiologic and clinical trial evidence regarding 
nutrients, foods and dietary patterns to diabetes risk and involved possible mechanisms. 

Conclusions: Type 2 diabetes is increasingly growing in young population of developing countries, which causes a large burden on 
individuals and the society. 
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1. Background 

Diabetes is a difficult disease to treat and manage 
throughout the world (1). Its effects can seriously reduce 
the life expectancy to 10 years (1, 2). Recent data is repre- 
hensive of increasing diabetes prevalence from 285 mil- 
lions in 2010 (6.4%) to 439 millions in 2030 in adults aged 
20 to 79 in different countries. 

Type 2 diabetes is the fourth or fifth major cause of death 
in most developed countries, and there is growing evi- 
dence that it has reached epidemic proportions in many 
developing countries (3, 4). Type 2 diabetes results from 
an interaction between a genetic aptitude, high-risk be- 
haviors and environmental risk factors (5). Several lifestyle 
factors affect the incidence of type 2 diabetes. Obesity and 
weight gain significantly increase the risk (6-8), and physi- 
cal inactivity further elevates the risk regardless of obe- 
sity (9, 10). Cigarette smoking is associated with a small 
increase (6, 11), and moderate alcohol consumption with 
a decrease (11, 12) in the risk of diabetes. In addition, a low 



fiber diet with a high glycemic index has been associated 
with an increased risk of diabetes (13), and specific dietary 
fatty acids may differentially affect insulin resistance and 
the risk of diabetes (14, 15). It is also known that lifestyle, 
and particularly dietary habits, play an important role in 
the development of diabetes (l). 

2. Objectives 

The purpose of our systematic review was to examine epi- 
demiologic and clinical trial evidence regarding nutrients, 
foods and dietary patterns to diabetes risk and possible in- 
volved mechanisms. 

3. Results 

In this investigation, we studied dietary and other factors 
related to the effect of lifestyle on type 2 diabetes. These 
factors may affect the incidence of type 2 diabetes, which 
could be corrected by lifestyle modifications. 



Implication for health policy makers/practice/research/medical education: 

It goes to medical education. 
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3.1. lifestyle Factors 

3.1.1. Obesity 

Obesity is a powerful predictor for development of type 2 
diabetes (3, 16). Obesity has increased in many countries in 
recent years (17). Diabetes is resulted from an interaction 
between environmental and genetic factors. These factors 
include: physical inactivity (3), habitual energy intake in 
relation to expenditure (3); and macronutrient composi- 
tion of the diet (18, 19) and metabolic characteristics (3). 
Increase in obesity is associated with increased incidence 
of type 2 diabetes (20). 

In a study reported. Although weight gain during ado- 
lescence leads to adulthood obesity (21). Increase in over- 
weight and obesity in adulthood is associated with in- 
creased risk of type 2 diabetes. In a study conducted by 
Shahraki and colleagues low education level was found as 
a strong determinant of overweight and obesity among 
Iranian women (22). 

Nurses healthy study suggested a lower risk of diabetes 
in subjects with BMI below 21 (7). Only a limited number 
of studies had specific criteria for age and sex, as the preva- 
lence of diabetes has been associated with obesity. Those 
with higher BMI have higher incidence rates of type 2 
diabetes at earlier ages than those with lower BMI among 
whom the incidence rises in older age groups (16). 

Some studies suggested that waist circumference or 
waist-to-hip ratio is a better predictor for the incidence of 
diabetes (23) and cardiovascular risk factors at different 
age groups than BMI (24). Some data suggested that dis- 
tribution of body fat is an important risk factor indicative 
of abdominal obesity or visceral fat. For example, In Japa- 
nese American men intra-abdominal fat, measured by CAT 
scan, was the best anthropometric predictor of diabetes 
incidence (25). Given the role of central adiposity as a de- 
terminant for the risk of diabetes, it is necessary to know 
the normal BMI (18.5-24.9 kg/m 2 ) for all populations. Some 
studies have shown that the risk of diabetes increases with 
the normal BMI of 21 kg/m 2 (7). 

Pacific people have a greater proportion of lean body 
mass than Europeans; therefore, a higher BMI cut off may 
be acceptable for this population. Because data on waist 
circumference and waist-to-hip ratio are not consistent, 
so it is best to use the WHO recommended BMI range (18.5- 
24.9 kg/m 2 ) and population mean of 21 kg/m 2 (26). 

3.1.2. Physical Inactivity 

Exercise as a series of planned and repeated actions 
of skeletal muscles is associated with energy consump- 
tion (27). Numerous studies have shown an association 
between physical inactivity and the incidence of type 2 
diabetes (3, 27). Exercise has a significant role in the regu- 
lation of blood glucose, metabolism of proteins and fats, 
improvement of insulin action, prevention of complica- 
tions of diabetes, improvement of muscle flexibility and 
strength, beneficial effects on the cardiovascular system 



and increasing life expectancy of patients. In addition, 
physical activity is beneficial for the mental state of indi- 
vidual, because it increases the energy of the human body, 
improves self-esteem and decreases depression (28). 

The basis of a useful exercise is its intensity, duration 
and frequency. The duration of the exercise should be 30 
minutes in the beginning, starting with 5-10 minutes of 
warm-up and ending always with recovery exercises. The 
lower frequency recommended is 3 times/wk. Usually, low- 
intensity and long-duration exercise programs are consid- 
ered as the most appropriate and safe patterns for patients 
with diabetes (27). 

3.2. Dietary Factors 

32.1. Carbohydrates 

The optimal and normal carbohydrate to lipid ratio in 
diet is a major challenge considering its role to prevent 
chronic diseases such as type 2 diabetes (29). In a study 
conducted by Richard et al. it was observed that reduced 
dietary fat intake and increased intake of carbohydrates 
prevent the incidence of chronic diseases (30). Some stud- 
ies demonstrated that increased intake of carbohydrates 
reduced the incidence of diabetes (31, 32). However, sev- 
eral studies reported that increased carbohydrate intake 
would decrease HDL levels and increase fasting plasma 
TG concentrations (33). Recently, two cohort studies (34, 
35) and one review study (36) found no association be- 
tween total received carbohydrate and the risk of diabetes. 
These data suggested that increased carbohydrate intake 
increases the secretion of insulin to maintain insulin ho- 
meostasis, and a high carbohydrate intake, leading to in- 
sulin secretion, is associated with receiving energy that 
causes higher levels of insulin after a meal. Insulin secre- 
tion with high output may be associated with age-related 
decline in insulin secretion, resulting in a more rapid de- 
velopment of diabetes (37). 

Findings from epidemiological and metabolic studies re- 
garding the association of dietary carbohydrates and fiber 
with diabetes are inconsistent (38). Several metabolic stud- 
ies supported the useful (39), neutral (40, 41) and harmful 
(42) effects of carbohydrate-rich diet compared to a high- 
fat diet on glycemic response. The results of ecological and 
cross-sectional studies showed that high-carbohydrate 
diet reduces the incidence of type 2 diabetes (31, 43), while 
the results of cohort studies did not support any associa- 
tion between diabetes and total dietary carbohydrate (44). 

It was reported that dietary fiber, particularly soluble fi- 
ber, improves the postprandial glycemic response and in- 
sulin concentration through slowing down the digestion 
and absorption of food and creating a gel-like substance in 
the stomach by several metabolic hormones (38). Several 
studies have shown that glycemic control is improved and 
LDL cholesterol decreases with relatively high carbohy- 
drate, low fat diets including naturally occurring fiber-rich 
foods compared with relatively low carbohydrate, higher 
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fat diets (45). Clinical studies on glycemic index and gly- 
cemic load also showed that the form and content of car- 
bohydrate and fat intake may be effective in short-term 
glycemic response (38). In two cohort studies, a direct as- 
sociation was found between glycemic index and glycemic 
load with the risk of diabetes (3). Most recent American di- 
etary guidelines recommend consumption of a variety of 
grain products, especially whole grains at least six servings 
a day or more. WHO/FAO recommended to get at least 55% 
of energy intake form carbohydrate in normal people (46, 
47). Hence, there are no specific carbohydrate guidelines 
to prevent diabetes. Thus, receiving an extensive range of 
carbohydrates may reduce the risk of type 2 diabetes, de- 
pending on the type and source of received carbohydrate 
compared to its amount (46). 

3.2.2. Fat 

Quantity and quality of dietary fat affect glucose toler- 
ance and insulin sensitivity (3, 48). A high fat diet may 
cause glucose intolerance through several mechanisms, 
including lowering insulin binding to its receptors, degra- 
dation of glucose transport, reducing TG synthesis, and ac- 
cumulation of stored triglycerides in skeletal muscles (49, 
50). The fatty acids composition may be related to insulin 
function through its effect on composition of membrane's 
phospholipids, which in turn affect membrane fluidity 
and insulin signaling (51). 

3.2.3. Amounts of Fat Intake 

Animal studies showed that consumption of high fat diet 
except for n-3 fatty acids is associated with insulin resis- 
tance compared to the high-carbohydrate diet (52). In two 
cross-sectional studies, total fat intake in individuals with 
glucose intolerance and type 2 diabetes as well as those 
with gestational diabetes were higher compared to indi- 
viduals with controlled glycemic index. Therefore, a high- 
fat diet is a good predictor of developing IGT in healthy 
people as well as IGT development to type 2 diabetes (31, 
53). High intake of total fat is associated with increased 
fasting insulin concentration and decreased insulin sensi- 
tivity index(54). On the other hand, several studies showed 
no association between total fat intake and the risk of dia- 
betes (55, 56). 

3.2.4. Nature of Dietary Fat 

As noted above, in animal studies, intake of saturated 
fatty acids, monounsaturated and polyunsaturated fatty 
acids except for the n-3 fatty acids, led to insulin resistance 
when consuming a high-fat diet (3). Epidemiological stud- 
ies suggested that high intake of saturated fat is associated 
with the risk of IGT and increased fasting glucose and insu- 
lin levels (57). The higher proportion of saturated fatty ac- 
ids in serum lipids or phospholipids in muscles associated 
with higher fasting insulin levels would reduce insulin 
sensitivity (58, 59) and increase the risk of type 2 diabetes 



(59). Higher intake of vegetable fat and PUFA reduces the 
risk of type 2 diabetes as well as decreased fasting plasma 
glucose concentration and the two-hour glucose concen- 
tration (56). Therefore, a higher proportion of long-chain 
polyunsaturated fatty acids in phospholipids of muscles 
would improve the insulinemic sensitivity in humans 
(49). Nevertheless, human data are inconsistent regard- 
ing mono-unsaturated fatty acids. Some studies suggested 
that receiving more mono-unsaturated fatty acids would 
increase the risk of type 2 diabetes. However, monounsatu- 
rated fatty acids are not resulted from vegetable oils in the 
western diet, but they have a grand symbiosis with saturat- 
ed fatty acids in meat and dairy sources that the harmful 
effects might be due to the presence of saturated fats (60). 

In a short-term human study, replacing a substantial 
portion of saturated fatty acids with unsaturated fats im- 
proved glucose tolerance in healthy young and middle- 
aged women with hyperglycemia, while replacing satu- 
rated fatty acids with mono unsaturated fatty acids had no 
positive impact on those receiving fat for more than 37% of 
their daily energy ( 61). 

3.3. Micronutrients 

3.3.1. Vitamin E 

A case-control study associated with a cohort study 
showed that people with high blood levels of vitamin 
E are 39% at lower risk of diabetes than those with lower 
serum levels of vitamin E. It was reported that reduced 
plasma levels of antioxidant vitamins are associated with 
increased risk of chronic diseases (3, 62). 

3.3.2. Magnesium 

Magnesium is a component of grains found in the shell of 
cereals (38). Three large cohort American studies reported 
a strong negative correlation between magnesium intake 
and the risk of type 2 diabetes (34, 35, 56), while another 
cohort study on 45-64 years old men and women showed 
no association between magnesium intake and the risk of 
type 2 diabetes. However, because the latter was smaller 
than the other three studies in scale, it would be statisti- 
cally weaker (63). 

3.3.3. Chromium 

Vincent et al. reported that consumption of chromium 
supplementation in people with mild glucose intolerance 
improved glucose tolerance and decreased the blood lev- 
els of insulin. However, it was not seen in people with nor- 
mal glucose tolerance (64). Reduced blood insulin levels 
suggest improved tissue sensitivity to insulin due to chro- 
mium supplementation (3). 

3.4. Mediterranean Diet and Diabetes 
Mediterranean diet was introduced for the first time in 
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1960s by Ancel Keys through observing food habits of Med- 
iterranean populations (65). The Mediterranean dietary 
pattern emphasizes a consumption of fat primarily from 
foods high in monounsaturated fatty acids and mainly 
olive oil and encourages daily consumption of fruits, veg- 
etables, low fat dairy products and whole grains, weekly 
consumption of fish, poultry, tree nuts, legumes, monthly 
consumption of red meat, as well as a moderate consump- 
tion of alcohol, high ingestion of dietary fiber, antioxi- 
dants, polyphenols and magnesium (65, 66). In addition, 
it normally contains meals, but the proportions of macro- 
nutrients may vary. There is no single Mediterranean diet, 
although the dietary patterns in the Mediterranean region 
have many common characteristics. 

The Mediterranean diet is one of the best-known food 
patterns for the human health. The Mediterranean diet 
has beneficial effects for the prevention of type 2 diabetes. 
These effects include reduced oxidative stress and insulin 
resistance. Mediterranean diet can act as an anti-inflam- 
matory dietary pattern able to maintain or treat chronic 
diseases, such as type 2 diabetes (66). 

4. Conclusions 

Type 2 diabetes is increasingly growing in young popula- 
tion of developing countries, which causes a large burden 
on individuals and the society. Therefore, prevention of 
diabetes should be considered as a priority as follows: 

Development and evaluation of healthy lifestyle plans, 
focusing on the following aspects: 

Prevention and early treatment of overweight and obe- 
sity, especially in high risk groups. 

Consuming a nutritious diet including low-fat content, 
especially saturated fat, no sugar and high NSPs. 

Active lifestyle including regular physical activity at least 
an hour a day, and vigorous activities necessary to reduce 
the risk of type 2 diabetes. 

Moderate intake of alcohol and quit smoking. 

Rapid identification of individuals at risk of type 2 diabe- 
tes. 

Identifying individuals at risk of high blood pressure, 
diabetes and heart disease. 

Screening for gestational diabetes. 

Maternal nutrition and maintaining weight. 

Healthy lifestyle programs and their interventions 
should be specified for each age group and their develop- 
mental stages. 
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